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The inﬂuence of ﬁller materials on volumetric and mechanical performances of asphalt concrete was investigated in this study. The
AC60/70 asphalt binder incorporating with cement and ﬂy ash as ﬁller materials was mixed with limestone following the Marshall mix
design method. The ﬁller contents of cement and/or ﬂy ash were varied. The non-ﬁller asphalt concrete mixtures of the AC60/70 and the
polymer modiﬁed asphalt were prepared for the purpose of comparison. The investigation programme includes the indirect tensile test,
the resilient modulus test and the dynamic creep test. The tests are conducted under the humid temperate environments. All tests were
then carried out under standard temperature (25 C) and high temperature (55 C) by using a controlled temperature chamber via the
universal testing machine. The wet-conditioned samples were prepared to investigate the moisture susceptibility. Results show that
cement and/or ﬂy ash were beneﬁcial in terms of improved strength, stiﬀness and stripping resistance of asphalt mixture. In addition,
the combined use of cement and ﬂy ash can enhance rutting resistance at wet and high temperature conditions. The results indicate that
the strength, stiﬀness and moisture susceptibility performances of the asphalt concrete mixtures improved by ﬁller are comparable to the
performance of the polymer modiﬁed asphalt mixture.
 2016 Chinese Society of Pavement Engineering. Production and hosting by Elsevier B.V. This is an open access article under the CCBY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Materials broadly employed to construct the surface
layer of ﬂexible pavement is an asphalt concrete, which is
the composite material mixed from aggregates and asphalt
binder. While the aggregates conduce resistance to support
traﬃc loads, the asphalt binder contributes viscous-elastic
behaviour to help with the adhesion of aggregate particles.
The practicable size range of aggregate is from 50 mm to
0.075 mm. From this range the ﬁne aggregates are deﬁnedhttp://dx.doi.org/10.1016/j.ijprt.2016.08.002
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Engineering.to be smaller than 4.75 mm and the coarse aggregates are
bigger than 4.75 mm. Even though particle size of the ﬁller
is less than 0.075 mm, it is well-known that the ﬁller plays
an important role in providing better packing conditions
between the coarse and ﬁne aggregates. It also leads to
the greater stability within asphalt concrete and the reduc-
tion of optimum asphalt content.
Filler is categorised as a ﬁne material which can be used
to modify the properties of asphalt binder and asphalt con-
crete mixture. To this point, Portland cement, hydrated
lime, ﬂy ash, limestone dust, and clay particles are counted
as ﬁllers. The ﬁller is not considered as a part of the aggre-
gates. It is a modiﬁer to improve the temperature suscepti-
bility and durability of the asphalt binder as well as the
asphalt concrete mixture [1]. The moisture susceptibilityhosting by Elsevier B.V.
ommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Grain size distribution of aggregate.
Table 1
Properties of aggregate.
Aggregate type Limestone
Bulk speciﬁc gravity 2.70
Flakiness index (%) 33
Asphalt absorption (%) 0.25
LA abrasion value (%)
Aggregate 3/400 22.70
Soundness (%)
Weight loss aggregate 3/400 1.0
Fine aggregate 3.2
Sand equivalent 64
Table 2
Chemical composition of materials from X-ray ﬂuorescence (XRF) test
(after Ref. [10]).
Chemical composition (%) Portland cement Fly ash
SiO2 20.90 30.90
Al2O3 4.76 17.60
Fe2O3 3.41 14.80
CaO 65.41 23.24
MgO 1.25 2.12
SO3 2.71 3.87
Na2O 0.24 1.50
K2O 0.35 2.73
LOl 0.96 1.20
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hydrated lime [2,3]. In addition to utilisation of mineral ﬁl-
lers, the strength and stiﬀness of asphalt concrete can be
increased [4]. The purpose of studying the characteristics
of mineral ﬁller is to enhance the performance of asphalt
concrete in particular to increase the stability and durabil-
ity against rutting and shoving. Lesueur et al. [3] presented
that the durability of asphalt concrete mixtures can be
increased by 2–10 years when the 1–1.5% of hydrated lime
is used in the mixture. It is also found that Portland cement
utilised as the ﬁller can improve the anti-stripping proper-
ties of asphaltic concrete [5,6]. Additionally, the signiﬁcant
improvement on the moisture resistance characteristics can
be observed when ﬂy ash is employed to replace the cement
and hydrated lime in producing asphalt concrete mixtures
[7,8].
The key factors separating the ﬁllers are particle shape
and size, void content, surface area, mineral, chemical
properties, and other physical properties [9]. By this reason
diﬀerent kinds of ﬁllers replaced in the asphalt mixture lead
to various asphalt mixture performances. This research
aims to study the inﬂuence of ﬁller types and fractions on
the asphalt concrete mixture’s properties. The materials
selected to be the ﬁller for this study are cement and ﬂy
ash. The contents of cement, ﬂy ash and their combination
were varied in the mixtures. The performance characteris-
tics of the asphalt concrete mixture containing diﬀerent
types and fractions of ﬁller were evaluated by various lab-
oratory tests. The tests are conducted under the humid
temperate environments of Thailand. To reach the stan-
dard test requirement, a minimum of three specimens was
evaluated in each test.
2. Materials and testing programme
2.1. Materials
Most pavements in Thailand are constructed using
asphalt mixes, consisting of AC60/70 penetration grade
asphalt cement and aggregates. Mineral ﬁllers such as lime-
stone dust and cement are used to enhance the stability and
durability of the asphalt concrete mixture. There is still no
speciﬁcation of ﬁller material approved by the Thailand’s
Department of Highways (DOH). In the study, a local
asphalt mix design based on the standard of the DOH com-
monly used in a ﬂexible paving project was employed. In
order to compare the performance of ﬁller mixtures, the
typical hot mix asphalt (HMA) without ﬁllers and the poly-
mer modiﬁed asphalt (PMA) mixtures were also prepared.
Therefore, the locally-produced AC60/70 asphalt binder
and the polymer modiﬁed asphalt were chosen in this
study. The limestone aggregate used in the lab mixes was
also obtained from an approved paving project. The aggre-
gate particles were sieved according to the required size
ranges in preparation to blend the considered asphalt mix
with the approved gradation as shown in Fig. 1. Basic
properties of aggregate were tested and summarised inTable 1. The two main variables in the specimens are the
type and content of the ﬁller. The ﬁller used in this research
are Portland cement type I and ﬂy ash class C. The Port-
land cement type I is a common construction material
locally made and consumed in the country. The ﬂy ash is
a by-product of lignite-ﬁred power generation from the
Mae Moh Power Plant in Lampang province. The chemical
component and physical properties of cement and ﬂy ash
are summarised in Tables 2 and 3, respectively. The results
of scanning electron micrograph of cement and ﬂy ash are
presented in Fig. 2.
Table 3
Basic properties of Portland cement and ﬂy ash.
Material Retained on sieve #325 (%) Blaine ﬁneness (cm2/g) Mean particle size (d50, lm) Speciﬁc gravity
Portland cement 13 3,420 11 3.15
Fly ash 29 3,602 19 2.12
(a) Portland cement (b) Fly ash 
Fig. 2. Scanning electron micrographs of ﬁllers with 2000 magniﬁcation (after Ref. [10]).
Table 4
Volumetric properties of all mixtures.
Mix Bulk
speciﬁc
gravity
(Gmb, )
Voids in
the total
mix
(VTM, %)
Voids in
the mineral
aggregate
(VMA, %)
Voids ﬁlled
with asphalt
(VFA, %)
HMA 2.418 4.0 14.7 72.8
C1 2.461 2.5 13.3 81.2
C3 2.462 2.8 13.4 79.1
C5 2.453 3.5 13.9 74.8
F1 2.467 2.0 12.8 84.4
F3 2.468 1.7 12.3 86.2
F5 2.471 1.3 11.7 88.9
C0.5F0.5 2.465 2.2 13.0 83.1
C1.5F1.5 2.466 2.2 12.8 82.8
C2.5F2.5 2.470 2.1 12.5 83.2
PMA 2.419 4.0 14.7 72.8
Remark: HMA = Hot Mix Asphalt (without ﬁller), PMA = Polymer
Modiﬁed Asphalt (without ﬁller), C = Cement, F = Fly ash (e.g.
C1.5F1.5 = 1.5% cement + 1.5% ﬂy ash mixture).
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Asphalt cement together with a 12.5-mm nominal max-
imum aggregate size of limestone were employed to prepare
asphalt mixes. The mixture specimens were designed
according to the Marshall method which is also used by
the Thailand’s Department of Highways. In this study, a
total of 11 mixtures were prepared as summarised in
Table 4. The HMA and PMA are the mixtures without ﬁl-
ler, which are fabricated from the AC60/70 and the poly-
mer modiﬁed asphalt binder, respectively. The letter C
and F refer to the mixtures with cement and ﬂy ash added
as ﬁller, respectively, and the number after the letter means
the percentage of ﬁller by weight of the aggregate. For
example, C1.5F1.5 refers to the mix with 1.5% cement
+ 1.5% ﬂy ash added by weight of the aggregate. The opti-
mum asphalt content of 5% was determined from the
HMA mix according to the Marshall design method [11].
In this study, the asphalt content of 5% was ﬁxed for all
mixes.
All materials were prepared in accordance the Marshall
method (ASTM D6926) [12]. Before the mixing process,
the aggregates were heated at 100 C for 24 h to ensure
moisture-free conditions and continued to be heated for
2 h at a mixing temperature of 150 C. The asphalt was also
heated at 150 C in the oven. The specimens with dimen-
sions of approximately 102 mm (4 inch) diameter and
64 mm (2.5 inch) height were compacted by using Marshall
hammer compaction at 135 C. The specimens were com-
pacted at 75 blows per side according to heavy traﬃc con-
ditions. After a 24-hour curing period for the Marshall
specimens, volumetric measurement was conducted for all
specimens. The results of volumetric properties of all mixes
are summarised in Table 4.2.3. Testing programme
The experimental tests including the Marshall stability
(ASTM D6927) [13], the indirect tensile test (IDT) (ASTM
D4867) [14], the resilient modulus (Mr) test (ASTM
D4123) [15], and the dynamic creep test (BS DD226) [16]
were carried out through this research as summarised in
Table 5. Following the Marshall stability test, the speci-
mens were soaked at 60 C for 24 h, and then the condi-
tioned specimens were loaded to failure at a constant rate
of 1.65 mm/min. The ratio of the stability to ﬂow, which
is stated as the Marshall quotient (MQ), indicates the stiﬀ-
ness of the specimen. For the indirect tensile, the resilient
modulus, and the dynamic creep tests, a controlled
temperature and humidity chamber is used to manage the
Table 5
Experimental programme.
Test Temperature (C) Mix Conditions
Stability and ﬂow (ASTM D6927) 60 HMA, PMA, C1, F1, C0.5F0.5, C3, F3, C1.5F1.5, C5, F5, C2.5F2.5 Wet
Indirect tensile test (ASTM D4867) 25, 55 HMA, PMA, C1, F1, C0.5F0.5, C3, F3, C1.5F1.5, C5, F5, C2.5F2.5 Dry/Wet
Resilient modulus test (ASTM D4123) 25, 55 HMA, PMA, C1, F1, C0.5F0.5, C3, F3, C1.5F1.5, C5, F5, C2.5F2.5 Dry/Wet
Dynamic creep test (BS DD226) 25, 55 HMA, PMA, C1, F1, C0.5F0.5, C3, F3, C1.5F1.5, C5, F5, C2.5F2.5 Dry/Wet
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55 C. In order to examine the moisture sensitivity, the
conditioned specimens were soaked at 55 C for 24 h prior
to the test started. The details of testing conditions are
summarized in Table 5.
For the indirect tensile test, the cylindrical specimens are
subjected to monotonically compressive loads, which act
parallel to the vertical diametric plane, by using the
200 kN Universal Testing Machine (UTM). This type of
loading produces a relatively uniform tensile stress acting
perpendicular to the applied load plane and the specimen
usually fails by splitting along with the loaded plane. The
indirect tensile strength (ITS) is then deﬁned as the maxi-
mum strength. The test method has been carried out simi-
lar to the previous research by the authors [17]. The 14 kN
cyclic UTM was employed in the resilient modulus and the
dynamic creep tests. To evaluate the mixture’s resilient
modulus, 10% of indirect tensile strength (ITS) values at
each temperature are used for the resilient modulus test.
The specimens are continuously loaded by 1 Hz frequency
(loading period for 0.1 s and rest period for 0.9 s) with 155
cycles, which the ﬁrst 150 cycles are for preloaded condi-
tions and the last 5 cycles are for measuring the resilient
modulus. The dynamic creep test or the permanent defor-
mation test was performed according to the British Stan-
dard [16], a deviator stress of 100 kPa was used in the
unconﬁned test, and the loading frequency of 1 Hz (loading
period for 0.5 s and rest period for 0.5 s) with 1800 cycles
or until the specimen is failed was applied.3. Results and discussion
3.1. Material characterisation
The limestone used for coarse and ﬁne aggregates was
relatively clean and free from deleterious material, and
the particle shape was relatively ﬂaky and irregular. The
properties of limestone such as ﬂakiness index, LA abra-
sion, soundness and sand equivalent satisfy the Thailand’s
Department of Highways requirement for asphalt concrete
mixture application [18]. It is noted that the Thailand’s
Department of Highways standards are rather similar to
the ASTM and AASHTO standards [19–21]. The proper-
ties of cement and ﬂy ash are shown in Table 3. The speciﬁc
surface area (the surface area per unit mass) was tested by
Blaine ﬁneness. The speciﬁc surface area of ﬂy ash is
slightly higher than that of cement. The ﬁne particle size
(i.e., sieve No.325 with an opening size of 0.044 mm) and
the mean particle size (d50) were tested and reported. Theparticle size of ﬂy ash is higher than that of cement. The
speciﬁc surface can be correlated with particle size and
linked to physical and mechanical properties of the mix-
ture. The speciﬁc gravity of cement is greater than that of
ﬂy ash. The particle shape, size and morphology of the
cement and ﬂy ash were examined by using scanning elec-
tron microscopy (SEM) as shown in Fig. 2. The SEM
images show that the cement is irregular in shape and its
particle size is around 2 lm, whereas the ﬂy ash shape is
relatively spherical and approximately 3 lm in size. It is
because the speciﬁc gravity of ﬂy ash is lower than cement.
It can be deduced that the ﬂy ash particle is bigger and has
a more speciﬁc surface area than cement particle. There-
fore, the information shown in SEM images is consistent
with the Blaine ﬁneness test and d50 data in Table 3.3.2. Volumetric properties of the mixture
In this study, the eﬀect of the amount and type of ﬁller
on the volumetric properties of the mixture was examined.
The asphalt content of 5.0% was ﬁxed for all the mixes. The
results of volumetric properties of all specimen designs are
summarised in Table 4. The bulk speciﬁc gravity (Gmb) val-
ues of the mixtures with ﬁller added are higher than those
of the HMA and PMA mixes. The HMA and PMA spec-
imens have higher the total voids in the mix (VTM) and
the voids in mineral aggregate (VMA), but lower the voids
ﬁlled by asphalt (VFA) than those of the mixtures with ﬁl-
ler added. This is because the ﬁller can ﬁll the void and
increase the density of the mixture.
Comparing among the mixtures with ﬁller added, the ﬂy
ash provides the denser properties than the cement, in
which the mix with 5% ﬂy ash has the highest Gmb and low-
est the VTM. The mix with both cement and ﬂy ash has the
intermediate values of the volumetric properties. It is pos-
sible that ﬁller, for a certain size range, would ﬁll up voids
among the aggregates, thereby decreasing the VMA. The
decrease in the VMA could indirectly lead to the decrease
in the VTM even though the asphalt content of all mixes
is ﬁxed. Certain ﬁllers require more asphalt to wrap onto
its surface because of the relatively higher speciﬁc surface
area, thus resulting in a higher VFA.3.3. Strength and stiﬀness of the mixture
3.3.1. Marshall stability
The Marshall stabilities and ﬂows of all asphalt concrete
specimens were tested. The ratio of stability (kN) to ﬂow
(mm), stated as the Marshall quotient (MQ), and as an
Table 6
Experimental results.
Specimen MQ
(kN/0.25 mm)
ITS (kPa) TSR
55 C (%)
Mr (MPa) Accumulated strain @ 1800 cycles
(%)
Accumulated strain rate
dry wet dry wet dry wet dry wet
25 C 55 C 55 C 25 C 55 C 55 C 25 C 55 C 55 C 25 C 55 C 55 C
HMA 0.74 603 86 57 66.28 3,247 240 153 1.43 1.62 2.38 0.1004 0.1954 0.2172
C1 0.74 683 109 119 109.17 3,372 344 163 1.18 1.28 1.23 0.0902 0.1479 0.1342
C3 0.79 687 120 126 105.00 3,553 399 193 1.16 1.12 1.00 0.1059 0.1378 0.0851
C5 0.87 684 129 138 106.98 3,280 396 192 0.65 1.20 1.14 0.0651 0.1291 0.0878
F1 0.72 631 112 91 81.25 4,005 340 224 1.12 1.37 0.98 0.1114 0.1612 0.1004
F3 0.75 657 127 126 99.21 3,325 324 174 0.55 1.50 0.94 0.0611 0.1593 0.0948
F5 0.72 663 132 125 94.70 3,284 334 149 1.31 1.25 1.26 0.1511 0.1447 0.1310
C0.5F0.5 0.75 647 95 94 98.95 3,758 310 225 1.38 1.45 1.39 0.1162 0.1755 0.1267
C1.5F1.5 0.91 653 132 110 83.33 4,005 368 354 0.47 1.35 0.92 0.0546 0.1599 0.0918
C2.5F2.5 0.93 675 159 132 83.02 3,967 309 275 0.81 1.11 0.94 0.0938 0.1144 0.0870
PMA 0.99 747 165 130 78.79 3,839 439 377 0.62 0.80 0.83 0.0594 0.0493 0.0546
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in Table 6. It is well-recognised that the MQ is a measure of
the material’s resistance to shear stresses, permanent defor-
mation, and hence rutting. The high MQ values indicate a
high stiﬀness mix and resistance to creep deformation.
Fig. 3 illustrates the MQ for all mixtures. The results indi-
cated that the PMA has highest MQ value and the more
cement added the higher MQ can be observed. Conversely,
the ﬂy ash has less inﬂuence to the MQ value. However, the
combination of cement and ﬂy ash as ﬁllers can signiﬁ-
cantly increase the MQ value of the mixture. The ﬁller con-
tent is in the range of 3–5%, in which the mixture with 2.5%
cement + 2.5% ﬂy ash provides the MQ value almost
closed to the PMA mix.Fig. 4. Indirect tensile strength (ITS) values of asphalt mixtures in dry
conditions.3.3.2. Indirect tensile strength
The indirect tensile tests (IDT) were carried out on
unconditioned (dry) and conditioned (wet) specimens at
standard temperature (25 C) and hot temperature
(55 C). The test results are summarized in Table 6 and0.0
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Fig. 3. Marshall quotient values of asphalt mixtures.plotted as shown in Figs. 4 and 5. The IDT is normally
conducted to determine the tensile properties of the asphal-
tic concrete, which can be further related to the cracking
properties of the pavement. Fig. 4 illustrates the average
indirect tensile strength (ITS) under dry conditions of the
asphalt specimens treated with ﬁller material. The result
indicates that the use of cement and ﬂy ash result in
increasing in the ITS comparing to the HMA mix around
10–15% at 25 C and almost 50% at 55 C. However, the
ITSs of all ﬁller mixtures are still lower than the ITS of
PMA mix.
Fig. 5 presents a comparison of the average ITS of the
unconditioned and conditioned specimens at 55 C. The
tensile strength ratio (TSR), deﬁned as the ratio between the
ITS of conditioned and unconditioned sample at 55 C,
is an indicator for moisture susceptibility. The results
show that both cement and ﬂy ash can signiﬁcantly increase
the ITS of conditioned specimens at 55 C, especially the
5% cement and 5% ﬂy ash specimens oﬀer the ITS values
as good as the PMA specimen. It is noted that the TSR
at 55 C for the mixes C1, C3 and C5 are slightly greater
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values of asphalt mixtures at 55 C.
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Fig. 7. Resilient modulus (Mr) of asphalt mixtures at 55 C.
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tion in the ﬁrst 24 h. The samples were better curing when
soaked in the water than air-dried conditions.3.3.3. Resilient modulus
Similar to the ITS, the cement and ﬂy ash can improve
the stiﬀness of asphalt concrete. The resilient modulus
(Mr) is a signiﬁcant parameter for pavement design as indi-
cated by the material stiﬀness. The test results of resilient
modulus are also summarised in Table 6 and plotted as
shown in Figs. 6 and 7. Fig. 6 shows that the Mr values
are increased by cement and ﬂy ash. The presence of ﬁller
may modify the viscoelastic properties of the asphalt mas-
tic and aﬀect the mixture’s stiﬀness. However, an excessive
amount of ﬁller could reduce the viscous behaviour of
asphalt mastic and result in decreasing the Mr value. In this
study, the suitable amount of cement and/or ﬂy ash was
found to be in the range of 1–3%.3.4. Dynamic creep performance
Rutting is the major distress found in ﬂexible pavement.
It is the permanent deformation in the transverse proﬁle in
the wheel patch, starting at zero rut depth and increasing
with the number of loading repetitions. A repetitive uniax-
ial compressive load on cylindrical specimen from the
dynamic creep test provides a reasonable simulation of
asphalt pavement subjected to repetitive axle loads. In this
study, all mixture specimens were ﬁrstly performed in dry
conditions at 25 C according to BS DD226 [16]. To eval-
uate the moisture susceptibility, the dynamic creep tests for
all mixture specimens were conducted in dry and wet con-
ditions at hot temperature (55 C). The dynamic creep test
results known as creep curves were plotted as shown in
Figs. 8–10 for dry-conditioned at 25 C, dry-conditioned
at 55 C and wet-conditioned at 55 C, respectively. Two
parameters, the accumulated strain at 1800 cycles and the
accumulated strain rate, were determined from the curves
as reported in Table 6.
The results indicate that the cement and ﬂy ash can
improve the resistance to performance deformation. The
5% cement, 3% ﬂy ash and 1.5% cement + 1.5% ﬂy ash
are the mixtures that can provide resistance to permanent
deformation as similar to the PMA mix. The ﬁllers can
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cially at high temperature, when the asphalt behaves softly.3.5. Moisture susceptibility
In tropical countries like Thailand, moisture susceptibil-
ity is one of the most important distress mechanisms lead-
ing to premature failure of asphalt pavements. There are
many researchers trying to study and develop the methods
of testing [11,22]. In this study, the test results of the con-
ditioned specimens can be used to indicate the moisture
susceptibility. Basically, higher values of ITS, Mr and accu-
mulated strains of conditioned samples may indicate
greater resistance to moisture damage. The indirect tensile
strength ratio (TSR) is a common parameter to evaluate
moisture susceptibility. The TSR for all mixes are reported
in Table 6 and Fig. 5. The results indicate that the cement
and ﬂy ash as ﬁller can enhance the moisture susceptibility
of the asphalt concrete. The 1% cement mixture gives the
highest number of the TSR. However, the 1.5% cement
+ 1.5% ﬂy ash mixture oﬀers the highest Mr and accumu-
lated strain values in wet conditions, which is similar to the
values of PMA mix. It seems that the combination of thecement and ﬂy ash as ﬁller can increase the moisture sus-
ceptibility of the HMA as good as the PMA mix.4. Discussion and conclusion
Filler is usually added to asphalt concrete mixtures as a
stiﬀening and void-ﬁlling material. This study evaluated
totally 11 groups of specimens with various cement and/
or ﬂy ash contents and a 5% asphalt content. The hot
mix asphalt (HMA) and polymer modiﬁed asphalt
(PMA) mixtures without ﬁller added were prepared for a
sake of comparison. The mechanical properties of these
mixtures were determined at 25 C and 55 C and moisture
susceptibility tests were conducted at 55 C to determine
their moisture damage potential. The inﬂuence of cement
and ﬂy ash as ﬁller materials on the performance of asphalt
concrete can be discussed as follows:
(1) It is obvious that the ﬁller can ﬁll the void and
increase the density of the mixture. It is resulting in
increasing the bulk speciﬁc gravity (Gmb) and reduc-
ing the voids in the total mix (VTM). However, the
ﬂy ash provides denser properties than cement
because the ﬂy ash has greater speciﬁc surface area.
The more speciﬁc surface area the more asphalt to
wrap its surface, thus resulting in a higher void ﬁlled
with asphalt (VFA). Moreover, the ﬁller can perform
as a tiny roller during the compaction process. If the
ﬁller has a large enough diameter and a regular
shape, it will act as a friction-lubricating agent [9].
The relationship between types of ﬁllers and voids
of mineral aggregates directly aﬀects the work ability
of the mixture. The bigger size and more regular
shape of ﬂy ash particle may act as rollers that facil-
itate less friction in the mastic during compaction,
thereby resulting in a tighter packing and a lower
void in the mineral aggregate (VMA).
(2) Results from this study shows that cement and/or ﬂy
ash were beneﬁcial in terms of improved strength,
stiﬀness and stripping resistance of asphalt mixture.
Mechanical properties and moisture damage testing
results indicated that the use of 1.5% cement + 1.5%
ﬂy ash improves the resilient modulus (Mr) of the
mix at low and high temperature. Since cement
increases the strength of asphalt concrete [4] and ﬂy
ash increases the stripping resistance of mix [23], the
combined use of both cement and ﬂy ash might be
the optimum ﬁller solution.
(3) For pavement distress, the addition of cement and/or
ﬂy ash in asphalt concrete mixture signiﬁcantly
reduces the permanent deformation of the mix, espe-
cially in wet and high temperature. The results show
that the mix of 1.5% cement + 1.5% ﬂy ash provides
the best rutting resistance.
In this study, investigation of volumetric and mechani-
cal properties of asphalt concrete mixtures revealed that
344 S. Likitlersuang, T. Chompoorat / International Journal of Pavement Research and Technology 9 (2016) 337–344cement and/or ﬂy ash imparted diﬀerent enhancements to
mixtures. It is concluded that the ﬁller interacted with other
constituent materials in the asphalt concrete mixture con-
tributes to the mixture’s performance. The combination
of cement and ﬂy ash mixture exhibited better strength,
stiﬀness and moisture damage resistance. It is well-known
that the PMA considerably increases mechanical perfor-
mances and work ability of the asphalt concrete mixture
[22,24]. Therefore, an alternative of using ﬁller to improve
the conventional HMA might be the optimal solution in
the practice. It is noted that some more research would
be suggested to be conducted in future, such as the inﬂu-
ence of the optimum asphalt content and the fatigue
performance.
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